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Abstrak 
 
Penelitian ini bertujuan untuk mengetahui pengaruh kekasaran buatan tipe 
chamfered continuous rib pada solar air heater pelat datar untuk meningkatkan 
perpindahan panas. Penelitian ini dilakukan dengan simulasi CFD 2 dimensi 
steady flow menggunakan ANSYS FLUENT. Model Renormalization-group 
(RNG) k-ε dipilih sebagai model turbulensi yang paling sesuai. Hasil yang 
diharapkan untuk penelitian ini adalah untuk mengetahui panjang pitch antar rib 
yang optimal pada kisaran 3.800 ≤ Re ≤ 18.000 untuk variasi relative roughness 
pitch 6,67 ≤ P/e ≤ 13,33 dengan relative roughness height konstan e/D = 0,033. 
Sudut chamfer dijaga konstan sebesar 15. Hasil dari simulasi menunjukkan 
bahwa aliran sekunder yang dibuat oleh chamfered rib menyebabkan perpindahan 
panas lebih besar di bagian atas saluran. Penyisipan kekasaran buatan pada 
saluran menyebabkan kenaikan kerugian gesekan. Hasil Investigasi CFD 
menunjukkan bilangan Nusselt dan faktor gesekan rata-rata menurun dengan 
kenaikan relative roughness pitch. Nilai maksimum peningkatan bilangan Nusselt 
dan faktor gesekan telah ditemukan sebesar 2,08 dan 2,986 kali terhadap saluran 
tanpa kekasaran. 
 
Kata kunci : absorber, chamfered continuous rib, intensitas turbulensi,  
reattachment point, relative roughness pitch, solar air heater, Nusselt 
 
 
x 
 
NUMERICAL SIMULATION THE EFFECT OF THE CHAMFERED 
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Abstract 
This study aimed to understand the effect of artificial roughness of the 
chamfered continuous rib on flat plate solar air heater in heat transfer 
enhancement. This study was carried out by conducting 2-dimensional CFD 
simulation with steady flow generation using ANSYS FLUENT. The 
Renormalization-group (RNG) k-ε model was selected as the most suitable 
turbulence model. The expected result of this study was the optimal pitch length 
of the ribs which ranges in the range of 3.800 ≤ Re ≤ 18.000 for the relative 
roughness pitch variation of 6,67 ≤ P/e ≤ 13,33 with constant relative roughness 
height of e/D = 0,033. The chamfer angle was kept constant at 15. The 
simulation showed that the secondary flow created by chamfered rib caused 
greater heat transfer over the duct. However, the insertion of artificial roughness 
on the ducts caused an increase in friction losses. The CFD investigation showed 
that there was a drop in the Nusselt number and average friction factor as the 
relative roughness pitch increased. A maximum value of Nusselt number and 
friction factor increased had been found to be 2,08 and 2,986 times over smooth 
duct. 
Keyword : absorber, chamfered continuous rib, turbulence intensity, reattachment 
point, relative roughness pitch, solar air heater, Nusselt 
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DAFTAR NOTASI 
 
A = Luas penampang (m
2
)  
Dh = Diameter hidrolik (m)  
f = Faktor gesekan  
h = Koefisien perpindahan panas 
(W/m
2 
K) 
 
K = Kondutivitas transfer kalor 
(W/m K) 
 
L = Panjang pipa (mm)  
Nu = Bilangan Nusselt  
Pr = Bilangan Prandtl  
Re = Bilangan Reynolds  
q
”
 = Fluks kalor konstan (W/m
2
)  
T = Temperatur (K)  
Tin = Temperatur fluida masuk (K)  
Tout = Temperatur fluida keluar (K)  
Tave = Temperatur rata-rata (K)  
Ts = Temperatur dinding (K)  
v = Kecepatan fluida (m/s)  
vin = Kecepatan fluida masuk 
(m/s) 
 
vout = Kecepatan fluida keluar  
(m/s) 
 
Cp = Kalor jenis (J/kg K) 
 
 
  
ρ = Densitas (kg/m3)    
𝜇 = Viskositas dinamik (kg/m s)    
P = Tekanan (pa)    
g = Percepatan gravitasi (m/s
2
)    
Wp = Daya pemompaan (Watt)    
Nur = Bilangan Nusselt dengan 
kekasaran buatan 
   
P = panjang pitch (mm)    
W 
H 
e 
ɸ 
= lebar saluran (mm) 
= tinggi saluran (mm) 
= tinggi kekasaran buatan (mm) 
= sudut chamfer  
   
m = laju aliran massa (kg/s)    
Q 
∆P 
= laju perpindahan panas (W) 
= beda tekanan (Pascal) 
   
   
   
   
 
 
 
 
 
